Mariniluteicoccus flavus gen. nov., sp. nov., a new member of the family Propionibacteriaceae, isolated from a deep-sea sediment was isolated from a sediment sample collected from the South China Sea at a depth of 2439 m, and its taxonomic position was determined by a polyphasic approach. Optimal growth of the strain was observed at 30 6C (range 5-40 6C), pH 7.0 (pH 6.0-9.0) and 0-1 % NaCl (0-6 %, w/v) on/in tryptic soy agar/broth. Strain YIM M13146 T had the major cellular fatty acid anteiso-C 15 : 0 , the predominant respiratory menaquinone MK-9(H 4 ), peptidoglycan type A3c (LL-DAP-Gly) containing alanine, glycine, glutamic acid and LL-diaminopimelic acid (LL-DAP) and the polar lipids phosphatidylcholine, diphosphatidylglycerol, one unknown phospholipid and several glycolipids. The G+C content of the DNA was 67.2 mol%. Phenotypic and chemotaxonomic characteristics together with 16S rRNA gene sequence analyses showed that strain YIM M13146 T was distinct from its close phylogenetic relatives in the genera Propioniferax and Granulicoccus of the family Propionibacteriaceae. Hence, a new genus and species, Mariniluteicoccus flavus gen. nov., sp. nov., is proposed. The type strain of Mariniluteicoccus flavus is YIM M13146 T (5DSM 25892 T 5CCTCC AB 2012055 T ).
The ocean covers more than 70 % of the Earth's surface, and extreme environments at depths greater than 200 m (the deep-sea) account for about 64 % of the Earth's surface (Bull, 2011) . The South China Sea is Chinese largest tropical marginal sea, with a complex and diverse submarine sediment environment, and is rich in biological resources, but the utilization of microbial resources in the deep-sea sediment environment is still in its infancy. Up to now, researchers taking part in this project have isolated, identified and published many novel actinobacterial taxa, such as Sciscionella marina (Tian et al., 2009a) , Streptomyces nanshensis (Tian et al., 2009b) , Marinactinospora thermotolerans (Tian et al., 2009c) , Janibacter alkaliphilus , Nocardiopsis coralliicola , Rhodococcus nanhaiensis (Li et al., 2012c) , Streptomyces nanhaiensis (Tian et al., 2012a) , Streptomyces oceani , Streptomyces glycovorans, Streptomyces xishensis and Streptomyces abyssalis (Xu et al., 2012) , Pseudonocardia antitumoralis (Tian et al., 2013) , Mycobacterium sediminis (Zhang et al., 2013a) and Streptomonospora nanhaiensis (Zhang et al., 2013b) . There are clearly still many unknown, uncultured micro-organisms in the South China Sea. In this study, we report an actinobacterium of a new genus of the family Propionibacteriaceae isolated from the South China Sea.
isolated from a sediment sample collected from the South China Sea (18 u 1.6549 N 112 u 30.2039 E) at a depth of 2439 m, by the serial dilution technique using HP agar medium [5 g fucose, 1 g proline, 1 g (NH 4 ) 2 SO 4 , 2 g CaCl 2 , 1 g K 2 HPO 4 , B vitamin mixture (0.5 mg each thiamine hydrochloride, riboflavin, niacin, pyridoxine, calcium pantothenate, inositol and p-aminobenzoic acid and 0.25 mg biotin), 35 g NaCl, 12 g agar, 1000 ml distilled water; pH 7.2] at an incubation temperature of 28 u C for 1 month. The strain was cultivated and maintained on tryptic soy agar (TSA) and stored as an aqueous glycerol suspension (20 %, v/v) at 280 u C.
Gram staining was carried out by using the standard Gram reaction and was confirmed by using the KOH lysis test (Cerny, 1978) . Cell motility was tested by the hanging-drop technique (Skerman, 1967) using phase-contrast microscopy (Olympus). Microscopic observation of strain YIM M13146
T grown on TSA for 7 days at 28 u C was made by light microscopy (BH 2; Olympus). Cells negatively stained with 2 % uranyl acetate were used for the detection of the presence of flagella using a JEM-2100 transmission electron microscope (Vreeland et al. 1980) . Growth was tested at 5, 10, 15, 20, 28, 30, 35, 40, 45 and 50 u C on TSA by incubating the cultures for 14 days. The ability of the strain to grow at pH 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13 [using the buffer system described by Xu et al. (2005) ] and 0, 1, 2, 3, 4, 6, 7, 8, 9 and 10 % (w/v) NaCl (pH 7) was examined at 28 u C for 14 days with tryptic soy broth (TSB) as the basal medium. Anaerobic cultivation was performed on TSA using a Whitley A35 anaerobic workstation (Don Whitley Scientific). Carbon source utilization was tested using the Biolog GEN III MicroPlate according to the manufacturer's instructions. Catalase activity was detected by the production of bubbles after the addition of a drop of 3 % (v/v) H 2 O 2 . Other physiological and biochemical tests were performed by using the API ZYM and API 20E strips (bioMérieux) according to the manufacturer's instructions.
Biomass for analyses of cellular fatty acids was obtained from cultures grown on TSA (Difco) for 3 days, and that for the other tests was grown for 7 days. Cellular fatty acid analysis was performed by using the Microbial Identification System (Sherlock version 6.1; MIDI database TSBA6). The amino acid composition in peptidoglycan hydrolysates was analysed by TLC (Hasegawa et al. 1983) and HPLC (Tang et al. 2009 ). Menaquinones were extracted by using the methods of Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . Polar lipids were extracted and analysed by two-dimensional TLC according to Embley & Wait (1994) . The genomic DNA G+C content was determined by using the HPLC method of Mesbah et al. (1989) .
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Li et al. (2007) . The 16S rRNA gene sequence obtained in this study was compared with sequences from EzBioCloud using BLAST (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments with sequences of the most closely related bacteria retrieved from the GenBank/EMBL/DDBJ database were carried out using the CLUSTAL_X 1.8 program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) treemaking algorithms by using the software package MEGA version 5.05 (Tamura et al., 2011) . The stability of relationships was assessed by performing bootstrap analyses with 1000 resamplings (Felsenstein, 1985) .
Strain YIM M13146
T grew well on TSA and International Streptomyces Project (ISP) medium 2. Round, yellow colonies with wet, smooth surfaces were formed stably on TSA and ISP 2 within the first week, and the surfaces became dry and wrinkled during the second week. No diffusible pigment was observed in either medium. Investigations of 7-day-old cultures of strain YIM M13146
T revealed that cells of the strain were Gram-stain-positive, irregular cocci, 0.5-1.0 mm in diameter, and non-motile, with no flagella, and occurred singly or in pairs or triads (Fig. 1) . The isolate could grow at pH 6.0-9.0, 0-6 % (w/v) NaCl and 5-40 u C; optimum growth occurred at 30 u C, 0-1 % (w/v) NaCl and pH 7.0. Detailed physiological characteristics are shown in Table 1 and the species description.
The profile of cellular fatty acids (.1 %) of strain YIM M13146
T showed the presence of anteiso-C 13 : 0 (3.26 %), iso-C 14 : 0 (2.11 %), C 14 : 0 (1.16 %), iso-C 15 : 0 (5.08 %), anteiso-C 15 : 0 (63.1 %), C 14 : 0 2-OH (1.4 %), iso-C 16 : 1 H (2.91 %), iso-C 16 : 0 (3.72 %), C 16 : 0 (2.7 %), anteiso-C 17 : 1 v9c (2.42 %), anteiso-C 17 : 0 (2.51 %), summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 2.92 %) and summed feature 9 (iso-C 17 : 1 v9c and/or 10-methyl C 16 : 0 ; 1.37 %). The polar lipids of strain YIM M13146 T were phosphatidylcholine, diphosphatidylglycerol, an unknown phosphoglycolipid and several glycolipids, with phosphatidylglycerol and two unknown polar lipids as minor components (Fig. S1 , available in the online Supplementary Material). TLC analysis indicated that strain YIM M13146 T possessed LL-diaminopimelic acid (LL-DAP) in the cell wall. Further HPLC analysis of the peptidoglycan showed the presence of alanine, glycine and glutamic acid (2 : 1 : 1). These results confirmed that the peptidoglycan type of the isolate was A3c (LL-DAP-Gly). The predominant menaquinone of strain YIM M13146 T was MK-9(H 4 ) and the DNA G+C content was 67.2 mol%.
An almost-complete 16S rRNA gene sequence was obtained for isolate YIM M13146 T (1536 bp). The sequence showed 90.0-95.2 % similarity to members of family Propionibacteriaceae. Comparative 16S rRNA gene sequence analysis showed that the strain was located stably in the family Propionibacteriaceae together with the genera Granulicoccus (95.2 % similarity to the type strain of the type species; 63/ 1315 mismatches) (Maszenan et al., 2007) and Propioniferax (94.1 % similarity to the type strain of the type species; 86/ 1451 mismatches) (Yokota et al., 1994) in all three treemaking methods (Figs 2, S2 and S3) . The results of 16S rRNA gene sequence comparisons demonstrated that strain YIM M13146
T was most closely related to the genera Granulicoccus and Propioniferax of the family Propionibacteriaceae.
T , which was located phylogenetically in the family Propionibacteriaceae, exhibited obvious differences from its closely related neighbours Granulicoccus phenolivorans PG 02 T and Propioniferax innocua ATCC 49929
T . The predominant menaquinone [MK-9(H 4 )] and peptidoglycan type [A3c (LL-DAP-Gly)] were consistent with the properties of Granulicoccus and Propioniferax, while strain YIM M13146 T possessed phosphatidylcholine and an unknown phosphoglycolipid as major polar lipids, whereas the genera Granulicoccus and Propioniferax lack both of them. The isolate contained anteiso-C 15 : 0 as the major fatty acid, while those of Granulicoccus phenolivorans PG 02
T were iso-C 15 : 0 and iso-C 15 : 0 DMA (1,1-dimethoxy isopentadecane) and those of Propioniferax innocua ATCC 49929 T were anteiso-C 15 : 0 and iso-C 15 : 0 . Additionally, the cell morphology of strain YIM M13146
T was also visibly different from that of Granulicoccus phenolivorans PG 02 T and Propioniferax innocua ATCC 49929 T . The distinctions between the novel isolate and its two most closely related phylogenetic neighbours are summarized in Table 1 .
On the basis of phenotypic, chemotaxonomic and phylogenetic analysis, strain YIM M13146
T is considered to represent a novel species of a new genus in the family Propionibacteriaceae, for which the name Mariniluteicoccus flavus gen. nov., sp. nov. is proposed.
Description of Mariniluteicoccus gen. nov.
Mariniluteicoccus [Ma.ri9ni.lu.te9i.coc9cus. L. adj. marinus of the sea; L. adj. luteus yellow; N.L. masc. n. coccus (from Gr. masc. n. kokkos a grain, a seed) a coccus; N.L. masc. n. Mariniluteicoccus yellow coccus living in the sea]. Cells are Gram-staining-positive, aerobic, non-motile, irregular cocci. The genus is a member of the family Propionibacteriaceae. The major cellular fatty acid is anteiso-C 15 : 0 , the predominant menaquinone is MK-9(H 4 ), the peptidoglycan type is A3c (LL-DAP-Gly) containing alanine, glycine, glutamic acid and LL-diaminopimelic acid in a molar ratio of 2 : 1 : 1 : 2 and the polar lipids are phosphatidylcholine, diphosphatidylglycerol, an unknown phosphoglycolipid and several unknown glycolipids. The G+C content of the DNA of the type strain of the type species is 67.2 mol%. The type species is Mariniluteicoccus flavus.
Description of Mariniluteicoccus flavus sp. nov.
Mariniluteicoccus flavus (fla9vus. L. masc. adj. flavus yellow, reflecting the colour of colonies of the type strain).
The characteristics are the same as those described for the genus with the following additions. Cells are 0.5-1.0 mm in diameter. Optimal growth occurs at 30 u C (range 5-40 u C), pH 7.0 (range pH 6.0-9.0) and 0-1 % NaCl (range 0-6 %, w/v) on/in TSA/TSB. Production of catalase is negative. Positive reactions from the API ZYM system are observed for alkaline phosphatase, esterase (C4), esterase lipase (C8), 
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leucine arylamidase, valine arylamidase, cystine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, bgalactosidase, a-glucosidase and b-glucosidase; negative reactions for lipase (C14), trypsin, a-chymotrypsin, agalactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Positive reactions from the API 20E system for b-galactosidase, the Voges-Proskauer test, gelatin hydrolysis and nitrate reductase, while negative reactions are observed for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, tryptophan deaminase, urease, indole production, oxidase and fermentation under anaerobic conditions. Positive reactions from the GEN III system for utilization of dextrin, maltose, cellobiose, gentiobiose, 
